Letter to the Editor
How and where to map supply and demand of ecosystem services for policyrelevant outcomes? Burkhard et al. (in press) present a new approach to map supply and demand of ecosystem services (ES) in order to support sustainability assessment and decision making. Their work contributes to the development of mapping of supply and demand of ES and we agree that this helps to inform policy makers. Mapping approaches can identify "winners" and "losers" of land use decisions. Maps are of interest especially when ecological and institutional scales do not match and when beneficiaries are situated in geographically different locations from the service provisioning area. Additionally, a spatially explicit approach can contribute to the development of policy instruments aimed at managers of ecosystems or beneficiaries of ES. Such instruments can help to reach a sustainable balance between supply and demand of certain services (i.e. socially optimal levels). Burkhard et al. (in press) make an important contribution to the development of mapping supply and demand of ES. However, to further advance this methodology several aspects need to be further explored. These are (1) the definition of the beneficiary, (2) the degree of rivalry of ES, (3) the spatial explicitness of demand, (4) the spatial explicitness of supply, and (5) the scoring system for supply and demand. We briefly discuss these aspects in this letter.
Who is a beneficiary?
ES can be typified as either intermediate or final services (Boyd and Banzhaf, 2007) . Burkhard et al. (in press) state that "demand for ES is the sum of all goods and services currently consumed or used". However, clarification is needed on who is a beneficiary of an ES: is it an individual that enjoys the ES directly or is it an intermediate agent that uses ES as an input for production of a final service? The service "global climate regulation" can occur in two forms. First, a stable climate provides good living conditions for people. In this case demand is high at people's homes (see also Burkhard et al., in press, Fig. 3) . Second, a stable climate is an input factor in the provision of other ES. It can be mapped as an intermediate service at vulnerable places (e.g. rice fields), as Burkhard et al. (in press) do. However, there is a risk that this service would be doublecounted when it is mapped at rice fields and as the final provisioning service "crops", as done by Burkhard et al. (in press ). It appears as if Burkhard et al. (in press) also doublecount the intermediate service "pollination". Here, intermediate demand is expressed at the orchard (land cover class [LCC] "fruit trees and berries"), and final demand is expressed at the place of consumption of "crops" (LCC "continuous urban fabric"). Burkhard et al. (in press) assign scores to supply and demand of different ES and subsequently subtract demand from supply. The result is a balance that shows under-or oversupply for different LCC. However, we think that it is necessary to consider the degree of rivalry of an ES in order to meaningfully map ES (cf. Kemkes et al., 2010 ). An ES is rival if the use of the service by an individual prevents others from using it. Energy can only be used once, thus creating a balance for energy can be useful. However, in the case of a non-rival ES, the use of the service by an individual does not have a significant impact on other beneficiaries of this service. People benefiting from flood protection do not have an impact on other people benefiting from it. A balance, as presented by Burkhard et al. (in press) in Fig. 4 , can thus not meaningfully explain the relation between supply and demand for non-rival ES.
Degree of rivalry

Spatial explicitness of demand
ES can show various degrees of spatial explicitness (Costanza, 2008; Fisher et al., 2009; Willemen et al., 2010) . This spatial explicitness is not fully considered by Burkhard et al. (in press) . In their demand matrix (Fig. 3) , they allocate high scores to different ES at people's homes (LCC continuous urban fabric), for instance for "flood protection", "crops", "freshwater", "recreation and aesthetic". They explain that provisioning services are traded and distributed whereas the supply of others, mainly regulating services, is spatially fixed. They map tradable services at the place of consumption and illustrate this for energy supply and demand. Supply and demand of the ES are completely decoupled in this case, i.e. energy which is generated locally is probably not the same as energy which is consumed locally. As interregional or even international trade is characteristic of many provisioning services we think that we need an argumentation per service on where to allocate demand, when assessing it at a local or regional scale.
Spatial explicitness of supply
Some ES are spatially confined and only come into existence if certain spatial conditions are met. Pollination is a service to agriculture only if agricultural fields or orchards are present in the surroundings. A flood protection service exists only if beneficiaries (real estate or other economic goods) are located in the flood plains. A recreational service comes into existence if an area is spatially accessible to people and is actually used for recreation. Burkhard et al. (in press) mention that supply of ES means the "actually used set of natural resources and services" and not the "potential supply". However, we believe that a LCC-based approach does not (spatially) consider whether people are benefiting from ES which are produced in a certain LCC. Burkhard et al. (in press) in fact refer to potential supply and not to actually used ES, which would contradict their definition.
Scoring system for supply and demand
We believe that there are critical disadvantages of applying a qualitative scoring technique to rank supply and demand (as in Burkhard et al., in press, Figs. 2 and 3) . Without a more detailed description of the methods used to score supply and demand, the scores themselves can be disputed. For example, the scores they assign for the service "global climate regulation" give the impression that LCC "broad-leaved forest" is in principle able to supply global climate regulation (score 4) at comparable levels to demand on LCC "road and rail networks" (also scored with 4), which is far from realistic (Janssens et al., 2005) . In order to adequately compare supply and demand of ES more quantitative methods of scoring are needed.
Further advancing the methodology for mapping supply and demand
Many ES can only be finally consumed after economic agents (e.g. ecosystem managers, primary resource exploiters, private persons) have exploited services, which usually involves applying a combination of natural, social and manufactured capital (Boyd and Banzhaf, 2007; Bateman et al., 2011) . This has consequences for two important issues related to mapping supply and demand of ES: first, the use of appropriate indicators, second, the point in time and space at which an ES is demanded. In many cases, people do not have a demand for the actual ES but for final processed goods that are the result of a production chain. Although, for example, a common indicator for the ES "timber" is m 3 round wood per hectare and year, this is not what people finally consume (i.e. which enters their utility function). Instead of buying round wood they purchase wood in the form of firewood, a plank, or a kitchen table. As a result, the indicator for ES demand of the final beneficiary (e.g. a kitchen table) would not match anymore with the indicator for supply (e.g. m 3 round wood), making a comparison difficult. Where to locate demand in the case of these processed goods? The options are manifold: at the place of harvest, at the sawmill, at the carpenter or at the household. If we decide for the final point of consumption we run into an inherent data and complexity problem: it will not be clear where exactly the wood originally comes from. Therefore, we argue that the point of the last contribution of an ecosystem to the existence of an ES would be most consistent for locating demand for ES that are transportable and highly processed after extraction and before consumption. In short, the demand for the ES "timber" should be mapped at the point where the trees are felled. In the case of wood provisioning, this is also where supply of ES takes place. This demand can then be higher (overexploitation) or lower than what ecosystems can potentially supply in a sustainable manner. We propose to map supply of an ES at the location where the service is generated by the ecosystem. Hence, in our proposal, supply is mapped according to the capacity to provide a service (which has also been referred to as ecosystem function). In the case of timber, supply is mapped according to the capacity of an ecosystem to provide timber, irrespective of the actual harvest of timber. We tentatively suggest the following decision rule to define the location of demand for ES. If an ES is spatially confined, demand should be mapped at the location where the final beneficiary uses the ES. We consider a service as spatially confined if beneficiaries of the final service can be delimited. Beneficiaries can be delimited if they can be coupled to ES production within the boundaries of the study area. Furthermore, they can be delimited if the specific ES cannot easily be substituted by ES from other ecosystems in the current space and time. This means that the service is not tradable or actively transportable outside the ecosystem. Example ES are flood protection, air quality regulation or recreation. If an ES is not spatially confined, (i.e. if beneficiaries of the final service cannot be delimited within the boundaries of the study area) demand for this service should be mapped at the place of the last contribution of the ecosystem. This means that an active transport is possible after the last contribution of the ecosystem to the existence of the service. Example ES are crops, capture fisheries or timber.
Conclusion
We believe that a balance of supply and demand of ES can provide meaningful insights to policy makers only if the respective ES shows a degree of rivalry (rival or congestible) and if supply and demand can be measured in similar and comparable units. We suggest to map demand either at the place where the final beneficiary uses the ES (spatially confined services) or at the ecosystem (spatially non-confined services). Demand of ES would then occur where ES enter either a utility function (of a private household) or a production function (of, e.g. an ES agent). Demand is therefore the actual use of ES. We could then map supply of ES as the potential to deliver what we call the last contribution of the ecosystem. An example is annual regrowth of a population of trees to harvest in a sustainably managed ecosystem. This supply can be higher or lower than actual demand, which gives parsimonious but policy-relevant information on (non-) sustainability. With our ideas we enhance terminological and conceptual clarity of ES mapping and enabling the delivery of profound information to policy makers.
